Proximal humerus fractures (OTA 11-B) 13 are common in elderly individuals, reported as the third-most-common fracture in this population behind distal radius and hip fractures at 105 per 100,000 patients per year. 2, 10, 18 In part, the reason for this is the decreasing bone quality from osteoporosis or osteopenia that presents with increasing age. The rate of proximal humerus fractures has been steadily increasing in the United States over the past 30 years at a rate of approximately 13% per year. [7] [8] [9] 18 Proximal humerus fractures are also common in the overall population, accounting for approximately 5% of all fractures; many of these fractures are managed nonoperatively by treating orthopaedic surgeons. 3, 15 Operative versus nonoperative treatment is typically dictated by the type of fracture in addition to other patient-oriented factors, including health and functional status.
The optimal treatment for proximal humerus fractures has yet to be elucidated. Gupta et al 6 recently reviewed various types of surgical treatments for complex proximal humerus fractures and found significantly better clinical outcomes but a significantly higher reoperation rate in patients who underwent an open reduction internal fixation (ORIF) versus hemiarthroplasty and reverse total shoulder arthroplasty. To combat some of the issues with ORIF of proximal humerus fractures including implant failure, loss of reduction, fracture malunion or nonunion, osteonecrosis of the humeral head, or impingement syndrome, use of a fibular strut graft has been described to attempt to decrease postoperative screw penetration into the joint as well as varus collapse. 14 The purposes of this study were to perform a systematic review of the literature to determine patient-reported clinical outcomes and complication rates with fibular strut augmentation of ORIF of proximal humerus fractures at short-term follow-up as well as to present the authors' preferred surgical technique.
METHODS
A systematic review was conducted according to PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guidelines using a PRISMA checklist. 11 Systematic review registration was performed on February 1, 2015 using the PROSPERO International prospective register of systematic reviews (registration number CRD42015016777). Two reviewers independently conducted the search on February 16, 2014 using the following databases: MEDLINE, Cochrane Central Register of Controlled Trials, SportDiscus, and CINAHL. The electronic search citation algorithm utilized was: ((proximal humerus fracture) AND fibular strut). Level 1 through 4 evidence (2011 update by the Oxford Centre for Evidence-Based Medicine) clinical studies in English were eligible while medical conference abstracts were ineligible. All references within included studies were cross-referenced for inclusion if missed by the initial search. If a duplicate population was noticed, the study with the longer mean follow-up was included to avoid including the same patients twice. Studies that were excluded were basic science, biomechanical studies, level 5 evidence, open reduction of proximal humerus fractures without the use of a fibular strut graft, imaging, surgical technique, classification studies, and those studies that evaluated the treatment of nonunions, malunions, floating shoulders, proximal humerus fractures with humeral shaft extension, hemiarthroplasty, total shoulder arthroplasty, reverse shoulder arthroplasty, or revision procedures. Figure 1 provides the PRISMA flow diagram used to determine the articles appropriate for inclusion in the final analysis. Patients of interest in this systematic review underwent ORIF of an acute proximal humerus fracture with the use of a fibular strut graft. There was no minimum follow-up or rehabilitation requirement. Study and subject demographic parameters analyzed included publication year, level of evidence, dates of subject enrollment, country and continent of publication, presence or absence of study financial conflict of interest, number of subjects and shoulders, sex, age, bone mineral density, presence/absence of osteoporosis/osteopenia, smoking status, etiology of fracture, type of proximal humerus fracture (number of parts using Neer classification 16 ), surgical technique, and postoperative rehabilitation protocol. Clinical outcome scores common to the included studies were recorded, and included Disability of the Arm, Shoulder, and Hand (DASH); ConstantMurley; and Short Form-36 (SF-36). Radiographic data were extracted when available. Postoperative range of motion was recorded. Study methodological quality was evaluated using the Modified Coleman Methodology Score (MCMS). 4 
Statistical Analysis: Best Evidence Synthesis
Given the heterogeneity of outcome measures reported by the 4 included studies, a best-evidence synthesis 19 was used instead of a meta-analysis. Conceptually, the bestevidence synthesis combines the strengths of traditional reviews and meta-analyses by incorporating the detailed, unbiased analysis by the former and the quantification and systematic literature search methods of the latter. The utility of a best-evidence synthesis exists when there are many studies on a given topic, done by different investigators using different methods or patient populations to arrive at different conclusions, and no one of which clearly supersedes the others with findings accepted as conclusive. This requires reviewers to carefully consider the evidence available and put forth conclusions based on where the weight of the evidence lies. In the context of this study, the best-evidence synthesis begins with the aforementioned best-evidence criteria to justify and describe the study selection criteria employed. The literature synthesis then requires a presentation and discussion of the individual study characteristics, pooling of results when appropriate (as is performed in this study), and subsequently an intelligent, critical examination of the literature to answer questions related to the efficacy of the variable in question, here being the use of fibular strut graft augmentation for ORIF of proximal humerus fractures. 19 The results of the quality assessments of the individual studies were used to classify the level of evidence. 23 This qualitative analysis was performed with 5 levels of evidence based on the quality and results of the included studies: (1) strong evidence-provided by 2 or more highquality studies and by generally consistent findings in all studies (75% of the studies reported consistent findings), (2) moderate evidence-provided by 1 high-quality study and/ or 2 or more low-quality studies and by generally consistent findings in all studies (75% of the studies reported consistent findings), (3) limited evidence-provided by only 1 lowquality study, (4) conflicting evidence-inconsistent findings in multiple studies (<75% of the studies reported consistent findings), and (5) no evidence-when no studies could be found.
Authors' Preferred Surgical Technique
A standard operating table is used, with the head of the bed raised to 30
. A C-arm is brought in parallel to the table coming in from the head of the patient, and its ability to obtain proper anteroposterior (AP) and axillary radiographic views is confirmed (Figure 2, A and B) . A standard deltopectoral approach is used. The cephalic vein is preferentially retracted medially, and the clavipectoral fascia and any fibrous tissue is resected. The subcoracoid space is developed and the axillary nerve is identified. A heavy suture is placed into the tendon of the subscapularis. In 
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Fibular Strut in Proximal Humerus ORIF 3 3-part fractures, the head is internally rotated and the heavy stitch or fibertape allows the surgeon to derotate the head. The strategy required to reduce 3-and 4-part fractures requires that the fracture be deconstructed. To accomplish this, the joint must be entered. The bone of the bicipital groove is dense, and in complex fractures, the primary fracture line lies posterior to the groove. The joint is entered through this fracture line so that the head segment can be manipulated and the greater tuberosity mobilized. Heavy sutures are placed into the tendon of the infraspinatus, and these sutures can be used to manipulate the greater tuberosity. In complex fractures, the greater tuberosity is pulled posterior and superior by the deforming forces of the rotator cuff. In elderly and osteoporotic patients, the greater tuberosity is often friable, and no attempt should be made to place sutures through the bone. It is also critical that these heavy sutures are secured to the plate at the completion of the case to avoid tuberosity failure. Most fracture plates do not allow the surgeon to gain screw purchase in the greater tuberosity segment and the plate merely serves as a buttress and tuberosity security relies on suture augmentation. The head-shaft segment is then addressed and the head disimpacted from the shaft with an elevator (Figure 3 ). To avoid a cavitary defect or a bone void, the shaft may be impacted into the humeral head. In cases in which this is not possible, a structural graft can be used to support the head. An allograft fibular strut works well in this situation. The fibular strut is contoured with the distal end shaped with a small oscillating saw and a small round bur: the end with the thickest cortex should support the calcar region of the fracture site ( Figure 4 ). The graft is placed into the humeral shaft and impacted into position with about 2 cm of bone left proud ( Figure 5 ). If the humeral canal has a large diameter, the graft can be provisionally stabilized with a screw that transfixes it in place. It is also preferable to only use the minimum length necessary to support the head as in the revision setting an integrated strut can prove difficult to remove. The humeral head is set over the fibula with the strut allograft impacted into the humeral head. The humeral head and shaft are provisionally fixated to one another with temporary Kirschner wires (K-wires), as is the greater tuberosity to the humeral head. AP and axillary views are taken with the C-arm to confirm anatomic reduction. A locking plate is placed approximately 5 mm posterolateral to the bicipital groove. A bicortical screw is placed in the center of the oblong hole in the humeral shaft to provisionally hold the plate and allow for adjustment of the plate's height. With the calcar guide, another K-wire is placed to ensure a proper trajectory of the calcar screw; this is drilled and the cannulated calcar locking screw is inserted. Thereafter, all plate screw holes with trajectories into the humeral head are filled with locking screws: Screw tips should be placed 2 to 4 mm from subchondral bone to allow for the possibility of varus collapse without consequential humeral head cut-out. Bicortical humeral shaft 
RESULTS
Four studies with a total of 136 patients (mean age, 67.97 ± 6.56 years; 70% women) met the inclusion criteria. 12, 14, 17, 21 Table 1 provides a summary of the individual studies' data. All patients sustained a displaced proximal humerus fracture (OTA 11-B) treated with an ORIF and fibular strut augmentation. No studies compared ORIF with fibular strut augmentation to ORIF alone for proximal humerus fractures. Only 127 patients were reported with the specific Neer classification of the proximal humerus fracture, which included 28 patients (22.1%) with 2-part fractures, 60 patients (47.2%) with 3-part fractures, and 39 patients (30.7%) with 4-part fractures. The final study by Tan et al 21 notes that all patients had either 2-, 3-, or 4-part Neer classification fractures but did not specify the exact numbers of each category. All studies were level 4 evidence; 3 studies reported no conflict of interest (COI) while 1 study 21 did not report the presence or absence of a COI. The mean MCMS was 37 ± 9.06 (poor). Of the patients included in this study, 94.12% were treated with a Philos locking plate (Synthes) while 5.88% were treated with the Peri-LOC locking plate (Smith & Nephew). In 3 studies 12,14,17 out of 4, all procedures were performed by a single surgeon; 2 of the 4 studies performed the procedure in the beach chair 14,21 position while 1 study 17 used the semilateral position and 1 study did not specify. 14 With regard to surgical technique, those described by the included articles are similar overall to our preferred method but with some variation. The articles mention both semilateral position 17 and beach chair position 14 and both deltoid-splitting 12, 14, 17 and deltopectoral 14 approaches (in comparison with our preferred method with beach chair position and a standard deltopectoral approach). Two publications 14,17 similar to our technique placed sutures into the rotator cuff for control and fixation of the tuberosities; K-wires were used by several authors to joystick the fragments and achieve graft position.
14,17 Some of the articles describe use of the fibular allograft as a reduction tool itself, 12, 14, 17 and Matassi et al 14 describes the placement of a single screw through the locking plate to push the fibula medially until it apposes the medial cortex of the humerus (to indirectly reduce the medial column) before subsequently placing several shaft screws through it. Finally, 1 publication 14 used a postoperative drain, which our method does not call for, and the other 3 included publications do not report use of a drain.
With regard to outcome scores, the Constant-Murley score averaged 85. 14,17
Five patients (3.7%) had screw penetration into the articular surface of the humeral head at some time postoperatively (exact timing not recorded by included studies); all were subsequently removed arthroscopically. Four patients were found to have a superficial infection (2.9%) defined as ''wound breakdown/epidermolysis'' treated with local wound care (1.45%) or 2 weeks of oral antibiotics (1.45%) with full resolution, 3 patients sustained deep infections (2.2%) necessitating implant removal after fracture union, and no patient had an unplanned readmission to the hospital. Thus, 8 patients (5.9%) in total required reoperation by the time of final follow-up, 5 of which were for the aforementioned screw penetration into the glenohumeral joint and the remaining 3 for implant removal related to deep infection. No patient had complete osteonecrosis but 1 patient (0.75%) had radiographic evidence of partial osteonecrosis of the humeral head at final follow-up (timing not reported) and did not require reoperation as this was not symptomatic; additionally, 1 patient (0.75%) showed a loss of reduction with varus collapse (timing not reported) and had no further surgery given adequate clinical outcomes. Two patients (1.5%) had asymptomatic heterotopic ossification (grade or classification not reported).
DISCUSSION
Proximal humerus fractures are a common and often times complex problem for treating orthopaedic surgeons given their relative complexity. The use of a fibular strut allograft to aid in fracture reduction and fixation as an adjunct to standard locking plates has been recently described with promising clinical results. 12, 14, 17, 21 The use of fibular strut grafts to augment ORIF in the treatment of proximal humerus fractures has been shown to increase construct stiffness and maximal failure load. 1 Its purpose is to provide medial support to prevent collapse as well as screw penetration, as the rate of screw penetration into the articular surface of the humeral head has been reported as high as 29%. 5 Solberg et al 20 reported a complication rate of 79% in 24 patients treated by locked plating alone who presented with a proximal humerus fracture in varus as compared with valgus (19% complication rate) due to a significantly higher rate of varus malreduction (71%), screw perforation into the joint, and varus subsidence. Hardeman et al 7 reported on 307 patients treated with locked plating alone and found a failure rate of 47% in varus-aligned fracture with a reoperation rate of 52.9% due to avascular necrosis (AVN), screw cut-out, loss of reduction, or malunion. Thanasas et al 22 systematically reviewed the literature on locking plate use in proximal humerus fractures and reported an incidence of 7.9% for AVN, 11.6% for The Orthopaedic Journal of Sports Medicine Fibular Strut in Proximal Humerus ORIF 7 screw cut-out, and a 13.7% reoperation rate but with an overall mean Constant score of 74.3 for the 791 patients included; the authors attributed the high incidence of these findings to the rigidity of the implant and the concomitant medial inadequate support with underlying severely osteoporotic bone. The purpose of this study was to evaluate the outcomes of fibular strut allografts in treatment of proximal humerus fractures with ORIF. The authors' hypotheses were confirmed in that patients with proximal humerus fractures treated with ORIF with fibular strut augmentation showed excellent clinical outcomes, including a low reoperation rate at 4.4% with acceptable functional outcome scores. This compares favorably to the aforementioned complication rates from the available literature on the fixation rates of proximal humerus fractures without strut augmentation.
It is important to review the indications for fibular strut grafting in each of the 4 included studies within this review to better understand the clinical scenario in which this technique can and should be employed. Little Overall, proximal humerus fractures with preoperative displacement, varus coronal malalignment, and/or medial cortical comminution are indicated for fibular strut allograft augmentation use due to the aforementioned increased risk of screw pull-out, varus malreduction, and humeral head subsidence with poor resultant functional outcomes when these proximal humerus fractures exist in this orientation due to their likelihood for further varus subsidence and screw cut-out. 7, 12, 20, 22 Patients with overall poor bone quality can be considered for augmentation use as well. Those patients with fracture patterns that maintain relative alignment outside of varus (neutral or valgus, per the suggestion of some authors) and without comminution of the medial calcar bone may not require the use of this augmentation option.
When comparing the 4 included articles independently, their findings were overall very similar with overwhelmingly favorable clinical and radiographic results for the fibular allograft strut augmentation in each, in addition to only a small number of complications. Neviaser et al 17 evaluated 38 patients at a minimum follow-up of 49 weeks and reported no intra-articular screw penetration, cut-out, or complete AVN, with just 1 case of partial AVN and 1 loss of reduction. DASH (mean, 15) and Constant-Murley scores (mean, 87) were favorable as well. Matassi et al 14 additionally reported no major complications, humeral head collapse, AVN, or screw cut-out with 100% radiographic healing at a mean 13 months postoperatively in their 17 patients. The mean Constant score (79) was similar as well, but with a higher DASH score (median, 33) than the study by Neviaser et al. 17 Range of motion measurements were as follows: mean active forward flexion, 149
; extension, 47 ; internal rotation, 40
; external rotation, 65 ; and abduction, 135
. Tan et al 21 reported no loss of reduction or screw cut-out in their 9 patients that were treated. At 12 weeks postoperatively, all patients had radiographic callus formation with maintenance of head-shaft angles, but range of motion measurements were generally lower than that reported by Matassi The primary limitation to this study is its relatively small overall cohort size, which is an inherent limitation to any systematic review with low numbers of published studies. None of the included studies were better than level 4 evidence, being entirely retrospective case seriesbased. In addition, none of the included studies compared the cohort of proximal humerus ORIF cases with fibular strut graft augment to a cohort of patients without fibular strut graft augmentation or a cohort of patients treated nonoperatively; thus, a comparison of this technique to other generally accepted strategies is not possible. Finally, given that there was appreciable heterogeneity in terms of patient fracture classification type (2-, 3-or 4-part fracture patterns) in those studies that reported it-and possibly in the other studies that did not provide this information-the results of this report must be viewed cautiously with regard to generalizability of its efficacy for all proximal humerus fracture patterns. Future higher level research is needed on the topic, with a randomized controlled trial comparing proximal humerus fracture fixation with and without fibular strut graft augmentation being the gold standard.
CONCLUSION
There is great heterogeneity that exists in the literature surrounding the use of a fibular strut allograft as an adjunct to ORIF of proximal humerus fractures. Current evidence shows a humeral head screw penetration rate of 3.7% with acceptable functional outcome scores, with a reoperation rate of 4.4% at a weighted mean 80.78 weeks (1.55 years) of postoperative follow-up, demonstrating fibular strut allograft is a viable option for treating proximal humerus fractures.
